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ABSTRACT 

The total elastic and positronium 
formation cross sections of the 
inelastic collisions between posi- 
trons and various one-valence- 
electron atoms, (namely hydrogen, 
lithium, sodium, potassium and 
rubidium), and one -valence -elect - 
ron ions, (namely hy d roge n - 1 i ke , 
lithium-like and a 1 kal i ne -e a r t h 
positive ions) are determined 
using an elaborate modified coupl- 
ed-static approximation. Special 
attention is devoted to the behav- 
ior of the Ps cross sections at 
the energy regions lying above the 
Ps formation thresholds. 

The interest of many authors in the 
collisions of positrons with one- 
vale nee -electron targets has been 
enormously increased in the last 
couple of years. In case of atomic 
targets (e.g. lithium, sodium, and 
potassium), various investigations 
have been carried out in order to 
calculate the elatsic and excita- 
tion cross sections under the as- 
sumption that the positronium for- 
mation channel, (which is open even 
at zero incident energy), has ir- 
relevant contribution to the total 
inelastic cross sections. Particu- 
larly, the very recent results of 
Ward et al {1}, (for a review, see 
the references therein), have em- 
phasized this argument at energies 


above 10 eV in comparison with the 
careful experimental results of the 
Detroit Group {2}. 

For atomic targets (e.g. H, Li, Na, 

K and Rb) as well as ionic targets 
(e.g. hy d r oge n - 1 i ke , lithium-like 
and al kal i ne -e ar th positive ions), 
the author has determined total 
elastic and positronium formation 
cross sections on a unified basis 
by virtue of a cou p led -st a t i c for- 
malism which allows for the switch- 
ing on of the positronium polarisa- 
tion potentials. He also employed 
a restricted coupled -static tech- 
nique (with symmetrical reactance 
matrices) for the treatment of the 
positron collisions with alkali 
atoms and alkali ne -ear th positive 
ions. Tables 1 and 2 contain the 
results of this treatment. It is 
obvious that the role of the Ps 
channel increases with the size of 
the target and that interesting be- 
haviors (resonances) show up in 
most cross sections of the problems 
considered. In table 3 we find the 
values of the elastic cross sections 
of the collisions of positrons with 
hydrogenlike ions determined at 
energies below the Ps threshold of 
e + - H scattering. Figs. 1 and 2 show 
the variation of the total elastic 
and Ps formation cross sections with 
a parameter 62 telate^ to the i n c i - 
dent energy(k.) by k, = 13.6 (/Ep^E-p 
+ 6 ) eV. From the first figure we 
r6 3 li zc that the elastic cross sec- 
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Table 1 

Total cross sections (in a^} of the inelastic collisions of positrons with alkali 
atoms calculated by the restricted coup 1 ed - s ta ti c app rox i ma 1 1 on . 


? e + - L1 e + - N * e * - K e * - Rb 

k‘ (eV) 



°n 

°12 

°n 

°12 

°il 

° 12 

°11 


0. 1 

941.469 

148.39? 

645.270 

77.975 

719. 379 

217.267 

1612.455 

1475. 514 

0. 3 

801.315 

91.865 

655. 901 

45.666 

320.254 

221. 573 

7849. 010 

3961. 333 

0. 5 

738. 766 

75. 972 

704.790 

28.423 

455, 333 

297,469 

6953. 694 

16 14, 430 

0. 7 

680.242 

83.902 

710.515 

100.675 

4204. 943 

124.410 

4599. 199 

1087, 248 

0. 9 

645.286 

88.222 

964. 165 

460. 303 

622. 312 

102. 141 

4072. 006 

1145. 076 

1.0 

636.696 

90.263 

691.374 

89. 349 

2482.024 

367.222 

2522. 331 

1153. 929 

3.0 

369. 131 

74.413 

458.965 

61.487 

599, 794 

176.554 

1316. 109 

52. 054 

5.0 

230.472 

58.970 

258.300 

47. 046 

399,824 

109.816 

437. 963 

60. 365 

7.0 

152.337 

47. 781 

144. 570 

51.064 

253. 556 

102.289 

269. 108 

77.717 

9.0 

103.806 

32. 341 

107.874 

58.372 

189. 309 

115.816 

313.231 

75. 563 

10.0 

85, 049 

25.222 

55.260 

59.528 

12 9. 054 

100. 086 

282.181 

122. 521 

20. 0 

27.835 

3. 558 

4.402 

4.833 

32. 591 

36.379 

76. 223 

39.655 

30. 0 

17.929 

1. 080 

2. 198 

1,459 

12.713 

8.080 

12 9. 8 75 

4.456 

40. 0 

13. 760 

0.426 

2.044 

0. 574 

11.357 

0.624 

43.668 

14. 385 

50. 0 

11. 362 

0. 191 

1.818 

0.253 

10,137 

0.249 

43. 06 l 

13.132 


r jb i« i 

fotal cross isctlons (in • *) of th« Inalutie scite*ri*g of 
positrons by ch# *Ui 11 r>* -osr th poiltlv* la«s dot*r«ln#d by 


tn« rtstrlototf oouploa-ststlo aggro* loatl on . • danotaa tfto 
switching on of th# P* polariaatlo* potential* to th« i#con* chonnsL. 


kj {»V> 

• Si* 

*11 

icittirlnq k 

3 L2 ®12 

:{(•«) 

«*. Mg* scattaring 
*11 °U 

°12 

11 . S 

j 49.44* 

0. 201 

1.731 

9.0 

441.703 

3.431 

1.129 

u.o 

331.11* 

3. 513 

*. 723 

9.3 

2*0.794 

5.410 

30.170 

12.3 

3*1. 717 

2.817 

11.107 

9.0 

383.411 

11.37* 

58 .7 70 

13,0 

352. 21* 

*. 732 

14. 3*7 

1,3 

320.711 

17.072 

70.329 

13.3 

33*. 200 

f. 577 

17.231 

10,0 

225.5*7 

24.777 

42 ,732 

U.O 

35*. 001 

8.405 

17. 3*9 

10.5 

2 31 .5M 

34.047 

43.225 

U.5 

353.272 

LO. 7*0 

19. 71* 

11.0 

235.333 

40.801 

59,710 

13.0 

333. *7* 

12.8*7 

20.425 

U.5 

410,343 

54.703 

52 .387 

13.5 

35*. J10 

14.111 

21.175 

12.0 

349.945 

44.410 

53 . J20 

If .0 

33*. 50* 

U.**7 

21.925 

12.5 

419.207 

3*. *12 

4* .*78 

If. 5 

332.771 

19.4** 

22.1*7 

13.0 

3*5.141 

53,447 

4* . 120 

17.0 

330. *3* 

20.24* 

n. 1*4 

13.3 

3*0,752 

54.493 

45.722 

1 7 . 5 

3*7. 780 

21.531 

21.85 <y 

14.0 

371.774 

38.397 

43.702 

il.O 

3*3.37* 

22. 34* 

21.3*4 

14.3 

375.177 

39.907 

41.084 

11. 5 

3*2.70* 

22.732 

20.75* 

15.0 

370.471 

38.0*2 

38 , 170 

20.0 

331.051 

21.71* 

19.231 

20.0 

302.703 

30.300 

15 , 7*4 

30.0 

271.310 

7. *47 

3.17* 

30.0 

284.752 

4.774 

2.232 

40.0 

233,1*1 

2.139 

1.315 

40.0 

244.220 

0.770 

0,43* 


c.* 

leittirlftf 


# *- Jr* scattaring 


3.0 

2*2,03* 

24.351 

159.151 

4.0 

554.0*4 

39.90* 

134.72 1 

3.5 

533.23* 

*0.094 

*}.**• 

4.3 

914.37* 

43.705 

*5.74* 

f .0 

127.332 

82.120 

*9.421 

3.0 

1074.24* 

4*. 21* 

77.283 

* .5 

*•9,114 

94.02 4 

93.199 

3 . S 

744.441 

45.595 

117.243 

7.0 

212.229 

124.445 

79.102 

4.0 

*42.2*9 

37.4*0 

2 04. U* 

7. 3 

524. *9> 

111.759 

134.05* 

*.3 

324.337 

1*4. 505 

114. 357 

1.0 

314.025 

134.9*0 

107. 774 

7.0 

*44.144 

13*. 0*2 

204.023 

5.5 

395.00* 

117.034 

131.2*7 

7.5 

3*9.977 

117,4*1 

107.18* 

1.0 

50*. *U 

111.0*5 

127.9*1 

4.0 

421.5*0 

137. 142 

ill; 7*2 

1.S 

57*. *4* 

132.534 

131.172 

».S 

4*1.477 

1*0.074 

73.99* 

10.0 

10*. 0*0 

151.003 

112. 717 

1. 0 

310.4)2 

74.977 

110.0*9 

10.5 

500.374 

19.139 

71.772 

1. 5 

523.454 

12.49* 

4*. *9* 

11.0 

374.535 

111.711 

100.039 

L0. 0 

5*3.142 

*4, 710 

104.221 

U.5 

*72.710 

90.152 

*4.191 

10.3 

541. 774 

*1.907 

3 *. 770 

20.0 

325.*** 

23.*43 

11.997 

u.o 

337.141 

110.754 

47. 7*1 

30.0 

Uf.441 

1,7*9 

4. 303 

20-0 

412.727 

17.725 

22. 372 

40.0 

25*. 7*« 

5.27# 

4.217 

30.0 

333. 304 

4 . 77* 

9. 10* 

50.0 

114.221 

5.232 

4 . 140 

40.0 

259.241 

i. 72i 

3. 143 


tions of all ions decrease mono- 
tonically with the increase of 6, 
while the Ps cross sections assume 
the opposite behavior and decrease 
(almost an order of magnitude) with 
the increase of Z. 

In Figs. 3 and 4 we present two 
examples for our last investigation, 
namely the collisions of positrons 
with ii thi um -i s oe 1 e c t r on i c ions. 
There we plot the relation between 
the total Ps cross sections and the 
incident energy for e + - C J+ and e + - 
N , respectively , wi th and without 
switching on the Ps polarisation 
potentials. It is clear that these 
potentials shift the maxima of the 
pure coupled-static cross sections 
towards the Ps thresholds {3}. 
Finally, we hope that the present 
work would draw the attention of 
positron community to the field of 
positron -ion collisions and encou- 
rage the theorists. to investigate 
the problems tackled here using 
more elaborate techniques. 
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TaBLE 3 - Total elastic cross-sections (in aft nf the collisions of postfrcmj ici(/t different 
hijdrogenhke targets at energies below the Ps formation threshold in e* H scattenng. 


A; (eV) 

Targets 






H 

He* 

Li 1 * 

Be J * 


N«"* 

0 1 

4.229 

0.137 

0.1110 

0.0415 

0 01520 

0 001 196 


1.113 

0 434 

0.1100 

0.0414 

0 01917 

0 001 195 

1 0 

3 978 

0 430 

0.1100 

0.0413 

0 01914 

0.001 195 


3.856 

0.425 

0.1G95 

0.0411 

0 01910 

0 001 194 

2.0 

3.738 

0.421 

3.1090 

0 041 0 

0.01907 

0 001 194 

3 0 

3 631 

0.417 

0.1035 

0.040 9 

001903 

0 001 193 

3.5 

3.437 

0.413 

0.1080 

0 0408 

0.01900 

0.001 193 

4 0 

3.330 

0.409 

0 107 5 

00407 

0.01890 

0.00! 192 

4.5 

3.267 

0.406 

0.1070 

0 0400 

0.01893 

0.001 192 

5.0 

3 189 

0.402 

0 1065 

0.0405 

0.01889 

0 001 191 

5.5 

3.115 

0,398 

0.1060 

0.0403 

0.01886 

0 001 191 

6.0 

3 046 

0.395 

0. 105 5 

0.0402 

0.01882 

0.001 190 

6.5 

2.978 

0.391 

0.1050 

0.0401 

0.01879 

0.001 189 





Figf. 


Fig. 1. - Comparison between the toul elastic croae-sectioru on the ineUetic of 

positron* with different hydrogenlike targets. a e'-H, o e'-Ke*. o \ • e’-Be • 
e*-B** scettering. 



Fig. 3. - Variation of the total positronium formation crosa-section of inelastic 

scattering with the incident energy. * pure coupled-static calculation*. □ coupled-static 
with Ps polarization. 

Fig. 4. - Variation of the total poeiironium formation cross-section of e*-N'* inelastic 
scattering with the incident energy. • pure coupled-static calculation#. □ coupled- static 
with Ps polarization. 
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Fig. 2. - Companion between tho total poaitronium formation crosa-aections of ^tho 
inelaatic colliaiona of poaitrona with different hydrogenlike targets. a e’-H, O a -Ha , 
O e’-La", • a'-Ba", • e’-B‘* scattering. 
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